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COMPLETE SPECIFICATION 
DRAWINGS ATTACHED 
Improvements in or relating to Band-Pass Filters 



We, Compagnie Francaise Thomson- 
Houston-Hotchkiss Brandt, formerly 
Compagnie Francaise Thomson-Houston, 
a French Body Corporate, of 173 Boulevard 
5 Haussmann, Paris VIII, France, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 

10 lowing statement:— 

The present invention relates to band- 
pass filter with a linear phase characteristic 
of a new type which has both steep edges 
and a constant propagation time. In fact 

15 these two properties seem incompatible and 
it is known that circuits obeying the law 
of minimum phase shift and having a rapid 
variation of their law of amplitude also 
have a rapid variation of their phase law. 

20 An object of the present invention is a 
filter which possesses, to a degree greater 
than has hitherto been possible, these two 
properties at the same time: steep edges 
and a constant propagation time and which 

25 is especially important in its application in 
the field of pulse compression. This is be- 
cause in the field of pulse compression, 
apart from obvious desirability of having 
phase shift characteristics approaching line- 

30 arity, it is necessary that a pulse feeding a 
dispersive network, be as "clean" as possible, 
that is that the pulse should approximate 
as nearly as possible the ideal and rectangu- 
lar shape. Under such ideal conditions no 

35 distortion occurs when compression is 
carried out. 

The invention consists in a band pass 
filter exhibiting a steep edge amplitude- 
frequency response characteristic and a 
40 phase characteristic at least approaching 
linearity, wherein there is provided a 
plurality of channels in parallel connection, 
each channel consisting of a series resonant 
[Price 4s. fid.) 



circuit and a phase shifting network, the 
tuning frequencies of said resonant circuits 45 
being in uniformly staggered relationship 
and each phase shifting network adding re- 
spectively, to the intrinsic phase shift of the 
resonant circuit to which it is series con- 
nected, a supplemental phase shift differing 50 
by »/2 from that of the preceding phase 
shift network whereby the total phase angle 
of any one channel differs by -/2 from that 
preceding it. 

In order that the invention may be more 55 
clearly understood, reference will now be 
made to the accompanying drawings which 
show one embodiment thereof by way of 
example, and in which: 

Figure 1 is a diagrammatic representation 60 
of a filter according to the invention, 

Figure 2 a response curve of the filter of 
Figure 1, 

Figure 3 the phase curve of a filter 
according to the invention. 65 

As referred to above, it is difficult to 
construct a band-pass filter, the amplitude 
response curve of which has steep edges 
and the total phase shift of which in the 
band is linear. It is known that these two 70 
properties are generally incompatible in 
minimum phase shift filters. 

The invention enables this disadvantage 
to be avoided by producing a filter which, 
while it does not obey the minimum phase 75 
shift law has both steeper edges and a more 
nearly linear phase characteristic than has 
hitherto been posisble at the same time. 

Figure 1 is a diagrammatic representa- 
tion of an embodiment of a filter according gn 
to the invention. 

The signals appearing at the input I are 
applied to a distribution circuit 2 which 
applies them in parallel to a plurality of 
channels each comprising a series resonant 85 
circuit 3., 3 5 . . . 3, . . . 3 n . These resonant 
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circuits have tuning frequencies which are 
staggered in relation to each other and 
selected in such a way that the pass bands 
of two adjacent resonant circuits intersect 
5 at 3db intervals. If B is the total uass band 
of the filter, the pass band of each individual 
resonant circuit is b which is very close to 
B/« so that the centre frequency of any cir- 
cuit i is selected to be equal to: 

10 R = Fo - B/2+ B//2 (i - |). 
i obviously varying from 1 to n, and Fo 
being the central frequency of the filter. 

Each channel comprises in series the 
resonant circuits \ to 3»» phase-shift ar- 

15 cuits 4x to 4 n which adds in each channel 
a supplemental phase shift of */2 in relation 
to the phase shift of the preceding chaimelT 
said circuits 4x to 4 B having phase shift 
values passing from zero to (n-1) 

20 for integral values of */2 successively 

. from one to another. A summation 
circuit 5 then effects the vectorial sum of the 
signals appearing respectively in parallel at 
the outlet of the channels of the filter. The 

25 resulting signal is taken off at 6. 

Figure 2 gives the amplitude response 
curve 7 of the filter as a function of fre- 
quency with the resonant curves of the 
different circuits with staggered tuning 

30 which constitute it 

Each circuit with staggered tuning con- 
stituting the filter has, in relation to the 
preceding circuit, a supplemental phase 
shift independent of frequency and equal to 

35 ir/2. , , M . 

In this manner it can be established that 
if the phase shift of the first resonant cir- 
cuit is taken as a reference, the p th. circuit 
has a phase shift A^p = (p — 1) *r/2 == 

40 (j - 1) ir/2 when p = 4k + / since whole 
multiples of 2* may be disregarded. 

The number of circuits used which gives 
the steepest edges is an integral multiple of 
4 In fact for a signal with a frequency out- 

45 side the total band of the filter, i.e. sepa- 
rated from the tuning frequencies of all the 
circuits, the responses of all the resonant 
circuits are weak and of the same order ot 
size. The additional phase shifts (p — 1) 

50 jt/2 cause the vector sum of these responses 
to give a very small amplitude result (less 
than the response of an isolated circuit). 

On the other hand for a signal with a 
frequency within the total band of the 

55 filter, the response of the assembly is ap- 
proximately dominated by the response of 
the next-adjacent resonant circuits. This re- 
sults in the amplitude response curve 7 of tne 
total filter (Figure 2). 

60 Figure 3 shows the resulting phase shirt 
curve 9 of the filter according to the inven- 
tion as a function of the frequency. 

For a given frequency the phase of the 
total filter is approximately imposed by the 

65 phase of the resonant circuit or circuits 



next adjacent to this frequency. The phase 
shift curves of the different resonant circuits 
constituting the filter are seen at S u 82, 8 n 
in Figure 3. However the positions which 
they take up in relation to each other are 70 
due to the phase shifters 4* 4 f which are 
adjacent to the resonant circuits 3! — 3 ft 
and which add a supplemental phase shift 
of ir/2 to a circuit in relation to the previ- 
ous one. It can been seen from the Figure 75 
that in these conditions the curve represent- 
ing the total phase shift of the filter accord- 
ing to the invention varies in a linear 
manner. . Qn . 

A band-pass filter with linear phase »u 
characteristic has thus been described, 
which filter is, among other uses, more par- 
ticularly useful in the field of pulse com- 
pression and which has an amplitude re- 
sponse curve with steep edges and a low 85 
residual ripple. It will be apparent that any 
desired number of staggered tuning circuits 
or circuits introducing a supplemental phase 
shift may be used. 

WHAT WE CLAIM IS:— 90 

1. Band pass filter exhibiting a steep 
edge amplitude-frequency response charac- 
teristic and a phase characteristic at least 
approaching linearity, wherein there is pro- 
vided a plurality of channels in parallel con- 95 
nection, each channel consisting of a series 
resonant circuit and a phase shifting net- 
work, the tuning frequencies of said reson- 
ant circuits being in uniformly staggered re- 
lationship and each phase shifting network 100 
adding respectively, to the intrinsic phase 
shift of the resonant circuit to which it a 
series connected, a supplemental phase shift 
differing by *r/2 from that of the preceding 
phase shift network whereby the total phase 105 
angle of any one channel differs by sr/2 from 
that preceding it. . 

2. Band pass filter according to claim 

1 wherein there is provided a distribution ^ 
circuit fed with the incoming signals and no 
feeding a plurality of parallel channels 
comprising each a series resonant circuit 
tuned on a given frequency and having a 
band pass which is a fraction of the total 
band pass of the filter, a phase shifter being 115 
series connected with each said resonant 
circuit and adding, to the intrinsic phase 
shift thereof, a supplemental phase angle 
which is either zero of an integral multiple 
of -/2, said phase shifter being so arranged 120 
that this phase shift varies further more by 
increasing values of */2 from one channel to 
another whereby the „** channel has a 
phase shift of (p-1) a summation net- 
work being provided for the vectorial sum- 125 
mation of the output signals of the said 
parallel channels. 

3. Band pass filter according to the pre- 
ceding claims wherein the number of the 
contemplated channels is an integral mul- 130 
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tiple of 4. 

4. Band pass filter substantially as here- 
inbefore described with reference to the 
accompanying drawings. 



BARON & WARREN, 
16, Kensington Square, 
London, W.8. 
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